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Ionosphere over Ukrainian Antarctic Akademik Vernadsky station
under minima of solar and magnetic activities, and daily insolation:
case study for June 2019
Abstract. We present ionospheric observational results obtained over Ukrainian Antarctic Akademik Vernadsky station. Iono-
spheric parameters (peak electron density and height, electron density and electron and ion temperatures in the topside) during 
the period near the local winter solstice in the Southern Hemisphere (June 28—29, 2019) are considered. The main objective is 
to show distinctive features of variations in ionospheric parameters during a prolonged period with very low solar and magnetic 
activities, and minimal daily insolation. Methods. F2 layer peak electron density and height were calculated from ionograms 
obtained with ionosonde installed at the station with subsequent profile inversion. Defense Meteorological Satellite Program 
(DMSP) and Swarm data acquired over the station are used as well. Diurnal variations of electron density, and electron and ion 
temperatures at the altitude of the satellites’ orbits were calculated using a set of sub-models of the International Reference 
Ionosphere-2016 (IRI-2016) model. Results. We found a very good agreement between the observed and model variations of F2 
layer peak electron density. Significant (by ~2 times) nighttime enhancement of electron density was observed on June 29. Elec-
tron density models show the similar increase of the density at the same time interval but this enhancement is much more 
smoothed comparing with the observations. Peak height values obtained using ionosonde are very close to ones calculated with 
the IRI-2016 sub-models. Satellite data are in a good consistency with the IRI model predictions, especially for electron den-
sity obtained by Swarm satellite. Conclusions. Multi-instrumental observations revealed a number of unique features of the iono-
sphere over Antarctic Peninsula under minima of solar and magnetic activities, and daily insolation.
Keywords: electron and ion temperatures, electron density, F2 layer peak height, ionosonde, reference model of ionosphere, 
satellite.
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INTRODUCTION
Investigation of ionosphere over Antarctica is an im-
portant part of global geospace research (e.g., Rodger 
et al., 1989). Since Antarctica is a high-latitude re-
gion, this is a really good place to study the effects of 
magnetosphere-ionosphere coupling, especially dur-
ing the space weather extreme events. However, ex-
tremely quiet magnetic conditions are also of great 
interest for scientists developing predictive models of 
ionosphere-plasmasphere system.
For many years, ionosphere observations have been 
carried out at Ukrainian Antarctic Akademik Ver nads-
ky station (Akademik Vernadsky station) located at 
65.25° S, 295.75° E using various techni ques, includ-
ing ionosonde sounding (Foppiano, 2016). The most 
com plete picture of the state of the ionosphere and 
the processes occurring in it is given by multi-instru-
mental measurements together with modeling. An 
example of such research is the study of ionospheric 
res pon se to weak geomagnetic storm of March 21–23, 
2017 (Shulha et al., 2019). Data from two ionosondes 
(at Akademik Vernadsky station and located near the 
magnetically conjugated region, Wallops Island) and 
satellite data have been used for analysis of such iono-
sphere parameters as F2 layer peak electron density, 
peak height, and electron temperature. Simulations 
with the Field Line Interhemispheric Plasma (FLIP) 
model were carried out to establish the physical 
mechanisms responsible for changes in the observed 
electron density caused by the storm.
In contrast, this paper is focused on the investiga-
tion of variations of ionosphere parameters during 
prolonged period with very low solar and magnetic 
activities as well as with minimal daily insolation. Pe-
riod of June 28–29, 2019 was found to be appropriate 
for this study. 
METHODS AND TOOLS
Ionospheric sounding at Faraday-Vernadsky station 
was started at the late 1950-s. The main research tool 
used in this study was IPS-42 ionosonde installed at 
Faraday station (since 1996 Akademik Vernadsky sta-
tion) in 1983. It was permanently used in regime of 
15 minutes sounding (Zalizovski et al., 2018). IPS-42 
was designed by the Ionospheric Prediction Service 
of Australia in 1974 and has the following character-
istics (Table) (Broom, 1984).
Digital ionograms are available since 2001 (Kolo-
skov et al., 2019). Each binary file contains a mono-
chrome image with 575 × 512 resolution. To view this 
image and manually mark traces on it, Ionogram-
Viewer2 program developed in the Institute of Iono-
sphere was modified. A screenshot of the program 
with loaded ionogram is shown in Fig. 1.
Digits at the left top corner of the ionogram mean 
ionosonde serial number (4231), year without cen-
tury (19), day of year (180) and local time (14:30). 
IonogramViewer2 identifies file format automatically 
and then reads the file content, recognizes all digits, 
and fills fields at the right panel (“Parameters”). The 
digits have good quality and they are almost fixed on 
the ionogram. Thus, there is no need in artificial 
neural networks for the digits recognition and match-
ing a pattern algorithm is successfully used. If serial 
number equals 4231, parameters fields are filled by 
values valid for ionosonde installed at Akademik Ver-
nadsky station (latitude is −65.25°, longitude is 295.75°, 
electron gyro-frequency is 0.97 MHz, dip angle is 
–59°). Local time is used. Sunspot number is loaded 
from file provided by Solar Influences Data Analysis 
Center (Belgium). Critical frequencies and traces of 
F2, F1 and E layers are manually scaled by user and 
saved to text file used for electron density profile in-
version using NHPC program developed in the Uni-
versity of Massachusetts Lowell (Huang, Reinisch, 
1996). As a result, temporal variations of F2 layer 
Table. Main characteristics of the IPS-42 ionosonde
Characteristic Value
Frequency range 1—22.6 MHz
Number of frequencies 576
Frequency sweep configuration Logarithmic
Transmitter pulse power output 5 kW
Transmitter pulse width 41.7 μs
Maximum virtual height range 800 km
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peak electron density N
m
F
2
 and F2 layer peak height 
h
m
F
2
 are obtained.
Satellite data used in the study are electron density 
N
e
, electron (T
e
) and ion (T
i
) temperatures.
Defense Meteorological Satellite Program (DMSP) 
spacecraft have Special Sensor for Ions, Electrons and 
Scintillation (SSIES) instrument package installed. 
SSIES measures the electron density, as well as ion 
and electron temperatures (Rich, 1994; Garner et 
al., 2010; Hairston et al., 2018).
A satellite constellation Swarm consists of three 
identical spacecraft. Swarm Alpha and Swarm Char-
lie (flying at the altitude ~455 km) and Swarm Bravo 
(flying at the altitude ~520 km) have Electric Field 
Inst ru ment which measures electron and ion tem-
peratures, as well as plasma density (Olsen, Flo be r-
gha gen, 2018).
Time moments of the satellites passes over Akade-
mik Vernadsky station were found with Sat_Pass pro-
gram developed in the Institute of Ionosphere.
All the observational data are compared with pre-
dictions of International Reference Ionosphere (IRI- 
2016) model (Bilitza et al., 2017). IRI model is an 
empirical standard model of the ionosphere based on 
available and reliable data sources specifying clima-
tology of electron density, ion composition, electron 
temperature, and ion temperature in the altitude 
range from 50 km to 2000 km.
In the present work, the IRI model options for the 
electron density (NeQuick and IRI-2001 Corr), the 
height of F2 layer peak (AMTB-2013 and SHU-2015), 
and temperature (TBT-2012+SA) models were used.
NeQuick model is an ionospheric electron density 
model particularly designed for trans-ionospheric ap-
plications which allows calculating the electron den-
sity distribution in both the bottomside and topside of 
the ionosphere (Nava et al., 2008; Radicella, 2009). To 
describe the electron density of the ionosphere up to 
the F2 layer peak, NeQuick uses a profile formulation 
which includes semi-Epstein layers with a height-de-
pendent thickness parameter empirically determined 
(Hochegger et al., 2000; Leitinger et al., 2005).
AMTB-2013 model is based on data from 26 digi-
sonde stations from the Global Ionosphere Radio 
Fig. 1. Window of the IonogramViewer2 program with an ionogram obtained on June 29, 2019 at 
18:30 UT. Manually scaled F2 layer trace is marked using dots, F2 layer frequency f
0
F
2
 is marked using 
vertical line
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Fig. 2. Variations of solar wind velocity (V
SW
), proton density (N
SW
), zonal component of magnetospheric electric field (E
y
), 
SYM/H index, 3-hour K
p
 index, and daily solar activity F
10.7
 index for June 19–29, 2019. The last two days (June 28–29, 2019)
shown by filled area are an observation period
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Observatory (GIRO) network (Reinisch, Galkin, 
2011). The data cover the various periods of solar ac-
tivity (spanning from 1998 to 2006). The spherical 
harmonic technique is applied in AMTB-2013 to 
model the h
m
F
2
 at a global scale for quiet geomag-
netic conditions (Altadill et al., 2013).
SHU-2015 model is based on the ionospheric radio 
occultation data provided by CHAMP (from 2001 to 
2008), GRACE (from 2007 to 2011) and COSMIC 
(from 2006 to 2012) satellite missions as well as the 
digisonde-derived electron density vertical profiles 
(Shubin, 2015). SHU-2015 uses the spherical har-
monics decomposition to model h
m
F
2
. 
TBT-2012+SA model is a new version of the elec-
tron temperature model. The model represents a con-
tinuation and improvement of previously developed 
T
e
 model (Truhlik et al., 2000) and it is based on big-
ger volume of data and additionally includes a so-
Fig. 3. Variations of F2 layer peak height (h
m
F
2
) and electron density (N
m
F
2
) observed by the ionosonde of Akademik Vernadsky 
station (open circles) and IRI-2016 model calculations (lines). The solid orange line shows N
m
F
2
 (URSI option). The dashed 
and dash-dotted lines show h
m
F
2
 from AMTB-2013 and SHU-2015 models respectively. On the top panel, solar zenith angle 
(SZA) variation is shown. Dashed vertical lines denote the time moments when SZA equals 90°. Dash-dotted vertical line shows 
a moment of an astronomical dawn
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lar activity dependence of the electron temperature 
(Tru hlik et al., 2012).
RESULTS AND DISCUSSION
For this study, magnetically quiet period near the lo-
cal winter solstice in the Southern hemisphere was 
selected (June 28–29, 2019) which was preceded by 
~10 days of very low magnetic activity. Fig. 2 shows 
the main solar wind parameters and indices of mag-
netic activity. The solar wind speed (V
sw
) did not ex-
ceed 420 km/s for the period of observations. The 
short-time enhancements in proton density (N
sw
) oc-
curred from time to time, indicating that weak coro-
nal mass ejections events took place. The dawn-to-
dusk interplanetary electric field (E
y
) was varying 
Fig. 4. Diurnal variations of T
e
 and T
i
 at the altitude of the DMSP satellites (two top panels) calculated for June 28–29, 2019 with 
IRI-2016/TBT-2012+SA model (lines) and DMSP data (circles). Bottom panel shows the electron density N
e
 at the altitude of 
the Swarm Bravo satellite (squares). Dash-dotted line shows N
e
 at 528 km from the NeQuick model. The DMSP and Swarm 
data points are plotted with UT, which corresponds at Akademik Vernadsky station to the same magnetic local time as it was at 
the points of the satellite passes
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from –2 to +2 mV/m during the entire considered 
period. The 3-hour K
p
 index ranged from 0 to 2+. An-
other important feature is that the minimum of SYM/H 
index was higher than –20 nT that implies the ab-
sence of any significant disturbances of ring current. 
The solar activity was stable during the investigated 
period with daily F
10.7
 of ~70 solar flux units.
Peak height h
m
F
2
 and electron density N
m
F
2
 ob-
tained from ionograms are shown in Fig. 3. On the 
top panel of the figure, a variation of solar zenith an-
gle (SZA) obtained using FLIP model is shown. An 
important point is that ionosphere over Akademik 
Vernadsky station is sunlit during very short periods 
(less than 4 hours, marked by vertical lines) and even 
at that intervals, SZA value is not much less than 
90°.Generally speaking, insolation time has its an-
nual minimum at the days of interest. Obviously, this 
leads to very low electron density values even during 
the daytime. Values of N
m
F
2
 generally do not exceed 
2 × 105 cm–3. Additional green dash-dotted vertical 
lines mark astronomical dawn and it is clearly seen 
that N
m
F
2
rise begins when SZA is higher than 90° (at 
108°). At the same time moment, rapid decrease of 
h
m
F
2
 is seen.
Significant (by a factor of ~2) nighttime enhance-
ment of N
m
F
2
 seen on June 29 is likely caused by the 
plasma flux directed from the plasmasphere to the 
ionosphere. This N
m
F
2
 enhancement implies the full-
ness of plasmaspheric flux tube that is not strange since 
there was prolonged magnetically quiet period before.
There is a very good agreement between the ob-
served N
m
F
2
 variation and IRI-2016 model predic-
tions. In particular, IRI model shows the nighttime 
enhancement but it is not as clear as in the observa-
tion. The likely reason is that IRI N
m
F
2
 is built on the 
data collected during the period with moderately en-
hanced magnetic activity when the flux tube could be 
partially emptied that not provided strong enough down-
ward nighttime plasma fluxes (Kotov et al., 2018).
The observed variation of h
m
F
2
 lies between the 
variations provided by AMTB-2013 and SHU-2015 
models. Uncertainties in h
m
F
2
 estimates can reach 
several tens of kilometers making it is impossible to 
decide which model is better. Similar researches made 
by Zhao et al. (2017) and Moro et al. (2019) show 
that SHU-2015 option when using IRI-2016 to mod-
el h
m
F
2
 over the Chinese and Brazilian regions is pre-
ferred. On the other hand, this conclusion is in sharp 
contrast with the results of an investigation carried 
out by Oyekola (2019). AMTB-2013 gives less de-
viation of h
m
F
2
 prediction for Ouagadougou (12.4° N, 
358.5° E; dip latitude: 1.5° N), Burkina Faso station. 
Deficiency of morning and evening values of the peak 
electron density and height partly rise from the pre-
sence of sporadic E
s
 layer, low level of the received 
signal or distortions of ionogram traces that causes 
difficulties in their interpretation.
The comparison of the observations with IRI mo-
del in the topside ionosphere is shown in Fig. 4. For this 
study, DMSP and Swarm satellite data in the longitu-
dinal sector of ±15° and latitudinal sector of ±1° near 
the Akademik Vernadsky station were selected.
Both electron density data points obtained with 
Swarm near local midnight agree well with NeQuick 
model at 528 km. It should be noted that NeQuick 
model shows weak nighttime increase of electron 
density at approximately the same time as Akademik 
Vernadsky station and IRI N
m
F
2
 model results. This 
means that NeQuick reflects the ionospheric effects 
of the downward nighttime plasma fluxes from the 
plasmasphere.
DMSP data for electron temperature is in excel-
lent agreement with IRI-2016/TBT-2012+SA model 
for both nighttime and daytime conditions. Good 
agreement is seen also for DMSP ion temperatures 
and T
i
 model of IRI at night. Model-data differences 
for dusk time reached 50%.
Comparison of DMSP, Swarm and other satellites 
electron densities with the results of ionosonde ob-
servations and IRI-2016 model predictions, as well as 
simulation using FLIP model for Akademik Vernad-
sky station and its geomagnetic conjugate point dur-
ing periods with different magnetic conditions and 
solar activity is suggested as a future study.
CONCLUSIONS
The state of ionosphere over Ukrainian Antarctic Aka-
demik Vernadsky station under minimal solar and 
magnetic activities and the lowest daily insolation 
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(near the local winter solstice) was investigated. Stu-
died period of June 28–29, 2019 was preceded by pe-
riod with similar quiet conditions of at least 9 days 
duration. IPS-42 ionosonde installed at the station, 
DMSP and Swarm satellites, and the set of various 
sub-models of International Reference Ionosphere-
2016 model were used in the study. The main results 
are the following.
1. Minimal daily insolation (ionosphere illuminated 
by the sun less than 4 hours per day with minimal zenith 
angle of ~88°) leads to very low F2 layer peak electron 
density N
m
F
2
 even near the local noon (~2 × 105 cm–3).
2. There is a good agreement between the observed 
N
m
F
2
 variation and IRI-2016 model predictions both 
qualitatively and quantitatively.
3. A factor of ~2 nighttime enhancement of N
m
F
2
 
was observed. The presence of this phenomenon is 
likely an indicator of presence of plasma flux directed 
from the plasmasphere to the ionosphere during the 
night. This, in turn, implies the fullness of plasmas-
pheric flux tube. Both the N
m
F
2
 (URSI) and topside 
electron density (NeQuick) models of IRI-2016 model 
show the similar increase of the density at the same 
time interval but IRI N
m
F
2
 enhancement is much 
more smoothed comparing with the observations.
4. The observed variation of h
m
F
2
 is between the 
variations provided by AMTB-2013 and SHU-2015 
models of IRI-2016 model. Both the IRI h
m
F
2
 mo-
dels show a good agreement with the observations, 
maximal deviation doesn’t exceed several tens of ki-
lometers.
5. Satellite data obtained in the close proximity to the 
coordinates of Akademik Vernadsky station are gener-
ally in good agreement with IRI sub-models, especially 
for electron density (Swarm observations, TBT-2012+SA 
model of IRI-2016) and electron temperature (DMSP 
observations, NeQuick model of IRI-2016).
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Іоносфера над Українською антарктичною станцією “Академік Вернадський” в умовах мінімумів сонячної
та магнітної активності, а також добової інсоляції: дослідження в червні 2019 р.
Реферат. У статті представлені результати спостережень іоносфери над Українською антарктичною станцією “Академік 
Вернадський”. Розглянуто параметри іоносфери (висота максимуму шару F2 та концентрація електронів на цій висоті, 
концентрація електронів, температури електронів та іонів у зовнішній іоносфері) впродовж періоду поблизу локального 
зимового сонцестояння у Південній півкулі (28–29 червня 2019 р.). Мета роботи. Показати відмінні риси варіацій пара-
метрів іоносфери під час тривалого періоду з дуже низькою сонячною та магнітною активністю та мінімальною добовою 
інсоляцією. Методи. Висота шару F2 іоносфери та концентрація електронів на цій висоті розраховувалися за даними з 
іонограм, які отримано за допомогою встановленого на станції іонозонду, з подальшим виконанням процедури інверсії 
висотних профілів концентрації електронів. Також використовувалися дані з супутників Defense Meteorological Satellite 
Program (DMSP) та Swarm. Добові варіації концентрації електронів, температур електронів та іонів на висотах орбіт су-
путників розраховувалися за допомогою низки субмоделей моделі International Reference Ionosphere-2016 (IRI-2016). 
Результати. Виявлено, що експериментально отримані варіації концентрації електронів у максимумі шару F2 іоносфери 
добре узгоджуються з модельними. Спостерігалося суттєве (приблизно у 2 рази) нічне збільшення концентрації елек-
тронів 29 червня. Моделі концентрації електронів показують подібне зростання, але більш згладжене у порівнянні з 
результатами спостережень. Значення висоти максимуму шару F2, отримані за даними іонозонду, дуже близькі до зна-
чень, розрахованих за допомогою моделі IRI-2016. Супутникові дані добре узгоджуються з прогнозами моделі, особливо 
для концентрації електронів, отриманої супутником Swarm. Висновки. Мультиінструментальні спостереження дозволи-
ли виявити низку унікальних особливостей іоносфери над Антарктичним півостровом в умовах мінімумів сонячної та 
магнітної активності, а також сонячної інсоляції.
Ключові слова: висота максимуму шару F2, довідкова модель іоносфери, іонозонд, концентрація електронів, супутник, 
температури електронів та іонів.
